White poplar is an important species for reforesting riparian sites in Algeria, but efficient techniques are still to be perfected. The study investigates the feasibility of softwood cutting as a method of propagation of the species. Results showed that sand or gravel, used as substrate, do not determine significant differences in rooting percent, but exert an influence on the quality and vigour of roots of cuttings. The findings, also, suggest that softwood cutting of the species would be most efficient if root suckers and/or sticklings were the sources of cuttings. Moreover, summer is the best period for achieving good results, while IBA treatments would have little effect on the rooting response of cuttings. Significant stand and individual within stand variation in rooting response of cuttings was found. However, the low or moderate broad sense heritabilities suggest that microsite effects at the individual scale could influence significantly the results. Overall, the results of the investigations suggest that selection of stands and, individuals within stands with good rooting ability, together with taking care with respect to factors such as the period of cuttings collection and the sources of cuttings, could achieve real progress in vegetative propagation of white poplar in Algeria.
Introduction
Poplars are species of paramount importance for wood market, providing an important amount of ligneous matter per unit of time thanks to their fast growing potential. These trees, whose wood benefits of various outlets, have since long aroused the interest of foresters and constitute nowadays an important piece of what is called the clonal forestry. Poplar culture is now generally quite intensive resembling in that to agricultural crops. Poplars culture, in order to make a better investment of techniques, had to use genetic material highly selected for criteria of growth, form and wood quality. Then, perfecting methods of propagation is necessary, both fast and economical, capable to get the most profit of the genetic progress of that selection. Cutting was and remains one of the most successful techniques to reproduce intensive timber production species (CHAPE- RON and QUILLET, 1977; RICHARDSON, 1998; HAAPALA, 2004) .
However, mass propagation of genotypes is not always easy due to the poor rooting ability of stem cuttings in some poplar species of the section Leuce including white poplar (WRIGHT, 1976; ABDELDAYEM, 2000) . Dormant cutting is currently the sole technique used to propagate white poplar in Algeria (BESSAFA, 1991) ; this technique, however, does not allow a high multiplication rate because of the large size of cuttings and containers. Vegetative propagation of white poplar by softwood cutting could be a good alternative. Meanwhile, information is rare on factors influencing rooting ability of softwood cuttings of white poplar, especially, at the local scale. Rooting ability of cuttings in woody plants is markedly influenced by several factors including e.g. the genotype (HUSEN, 2004) , the position of cuttings on the tree donor (HARTMANN et al., 1997; HUSEN and PAL, 2003c) , the period of collection (FAVREAU, 1980; THOMP-SON, 1992 ) and the media of culture (FAVREAU, 1980; RAUTER, 1983) .
In the present work, trials were carried out to study (1) the main effects of factors, physical and biological, related to the plant material and environment and the medium of culture, and (2) the interaction effects between these factors.
Material and Methods

Plant materials
The plant materials used in this work has been collected on adult (30-years old) white poplars from four riparian natural stands in the region of Algiers (36°48'N; 3°4'E), growing in locations around 10 km apart in distinct valleys. In January, a sub-sample of donor plants were cut 40 cm above the ground in order to obtain coppice shoots. Then, three sources of cutting material from natural stands were used (1) root suckers, (2) , reiteration shoots (produced following a break of a branch), and (3) stump sprouts from cut trees.
Softwood and/or semi-hardwood shoots were collected in spring, summer and autumn according to the experimental plans and factors to be studied. Collected shoots were immediately (in situ) soaked for a few seconds in a fungicidal solution with 1g/l of Benlate and then transported in cool boxes onto the workplace. There, shoots were cut up to cuttings 10-15 cm long, and size of leaves, when too expanded, reduced by half in order to avoid their early fall by gravity. The base of cuttings were treated with a growth regulator when planned. Cuttings were then stuck into the final container.
Environment of culture
The greenhouse where trials were conducted is situated at the Experimental Station of Baïnem, 8-kms west to Algiers (36°47'N, 3°4'E). The climate is mediter- ranean subhumid, with January and August the coldest and warmest months, respectively (see Table 1 for extreme and average temperatures). In summer, temperatures inside were about 5°C down temperatures outside the greenhouse, thanks to an intermittent mist and openings. Light energy intensity inside the greenhouse may vary from 100 to 400 W/m 2 , depending on nebulosity.
Main and Interaction Effects of Factors on
Cuttings were raised into individual plastic containers on propagation beds in a greenhouse entirely covered with plastic sheets and equipped with a mist system which allowed to maintain a high relative humidity around the cuttings. Before experiments were implemented, containers, substrates of culture and the ground in the greenhouse were treated with a Manebe-2 g/l fungicidal solution; in the course of the experiments, cuttings were treated with a Benlate-1 g/l solution.
To limit extra influences (Shadow, edge effects, etc.), cuttings have been arranged randomly in complete blocks (Complete repetitions of planned treatments).
Experimental factors studied and trials
Several trials were carried out for studying the following factors:
The type of substrate. Two types of substrate were tested: (1) inert fine (Ø ≈ 2 mm) river sand, and (2) inert fine gravel (Ø ≈ 3-5 mm). Both were washed and sterilised in a solution with commercial bleach and Benlate (1 g/l) . Hundred fifty cuttings were used per substrate.
The source of cuttings. Four sources of cuttings were tested: (1) root suckers, (2) stump sprouts, (3) reiteration shoots, and (4) stecklings (one year old, container stock). Stecklings originated from the same individuals and stands as the other plant materials. Hundred cuttings were used per source.
Hormonal treatment. The synthetic auxin indole-3-butyric acid (IBA) was the hormone used for our experiments. IBA was applied in talcum powder formulations of 0.00 %, (control without IBA), 0.10 %, 0.15 %, 0.20 % and 0.60 %. Eighty cuttings were used per treatment.
The period of cutting. Cutting was made in spring, summer and autumn. Due to the lack of stump sprouts in spring, only root suckers, reiteration shoots and stecklings were used in this trial. Hundred cuttings were used for each period.
Stand and individual within stand. Four natural stands were included in the trial, with five individuals representing each stand. For this trial, cuttings came exclusively from root suckers at a rate of 30 cuttings per individual, and so 150 per stand.
Statistical analyses
For testing frequencies (% of rooting), homogeneity tests of Khi-square were used: (1) where f o is the observed frequency of rooting and f e the expected frequency.
Variation of quantitative traits (number of roots/cutting and length of the main root/cutting) was analysed by ANOVA models as follows: (2) and, (3) where X ijkl is the score or the measure of the l th cutting, µ is the general mean, sb i is the fixed effect of the i th substrate, pe i is the fixed effect of the i th period, sr j is the fixed effect of the j th source of cuttings, ht k the random effect of the k th hormonal treatment; between parentheses are the interactions between these main effects, and e ijkl is the random error. All number of roots/cutting data were transformed to square root to improve normality and homogenize variance.
For stand and individual within stand analysis of variance, a hierarchical model was developed as follows: (4) for analysis across all stands, and: (5) for analysis of each (clone) individual separately.
In model [4] , µ is the grand mean, S i is the random effect of the i th stand, (I/S) ij is the effect of the j th clone within the i th stand, and e ijk is the random error (residual effect).
In model [5] , µ is the grand mean, I i is the effect of the i th clone, and e ij is the random error.
Following model [4] , repeatability was defined globally at the stand and individual/stand levels simultaneously as follows: (6) since σ 2 µ = 0, and cov(e ijk , e ijk' ) = 0, the residual effects e ijk and e ijk' being assumed to be independent.
From model [5] were derived the clone heritabilities in each stand:
The interest of these two parameters is obvious for selection; the first one is useful for selecting among stands, and the second among clones in each stand Analyses of variance were performed using STATISTI-CA program version 6.0. Before final analysis, raw data have been adjusted to block effects using adequate models.
Results
Effect of substrate
Non significant difference was observed as regards the percentage of rooting (77.3 % for sand vs 80.0 %, for gravel) at p < 0.05 level ( Table 2) . On the other hand, significantly more roots per cutting were produced on gravel (16.3) than on sand (11.5), as well as roots were drastically longer on gravel (114.4 mm) than on sand (46.7 mm) ( Table 1) .
Effect of the source of cuttings
The source of cuttings had a significant effect on the percentage of rooting and the number of roots per cutting at 0.05 probability level, but not on the length of the main root ( Table 2) .
Cuttings taken from root suckers showed the highest rooting percentage (97 %) and number of roots per cutting (33.9) followed by cuttings from sticklings, with 96 % rooting and 22.4 roots per cutting. Cuttings from stump sprouts also displayed a high rooting ability with 91% of rooted cuttings, but a relatively moderate number of roots per cutting, while those from reiteration shoots revealed to be the less responsive with 86 % rooting and 8.6 roots per cutting.
Effect of the period of collection
The period of cutting represented a significant source of variation at p < 0.05 level for percentage of rooting, number of roots per cutting and length of the main root ( Table 2) . Summer revealed to be the most favourable period for softwood cutting of white poplar. Cutting in summer allowed to reach 96 % of rooted cuttings, while only 55 % and 33 % of cuttings rooted in autumn and spring, respectively. ( Table 2 ). Cuttings initiated more roots in summer (22.4 roots/cutting) than in spring (14.7 roots/cutting) and autumn (6.8 roots/cutting), and developed longer roots in summer (2.28 mm/day increment) than in spring (1.54 mm/day increment).
Effect of hormonal treatment
Except for the number of roots per cutting, there was no significant differences or superiority of IBA treatments over the control at p < 0.05 regarding the percent rooting and the length of roots ( Table 2 ). For the number of roots per cutting, the highest response was achieved with the treatment 0.60 % IBA (17.3 roots/cutting) followed by the 0.20 % treatment (15.2 roots/cutting). The control (0.00 % IBA) was the one with the lowest number of roots per cutting ( Table 2) .
Interaction effects
Results for interaction effects are given in Table 3 . The combined effect of substrate and source of cuttings was not significant at p < 0.05 level for the percentage of rooting (χ 2 = 0.50; p = 0.48), the number of roots/cutting (F = 0.38; p = 0.53) and the length of the main root (F = 7.81; p = 0.22).
Interaction effect between substrate and IBA treatments also revealed to be non significant at p < 0.05 level, as well for the percentage of rooting (χ 2 = 3.01; p = 0.55) as for the number of roots/cutting (F = 1.04; p = 0.39) and the length of the main root (F = 0.45; p = 0.77).
The interaction effect between source of cuttings and IBA treatments was a significant source of variation at p < 0.05 level for the number of roots/cutting (F = 3.10; p = 0.02). While the 0.20 % treatment induced the highest number of roots per cutting in root suckers, the 0.60 % treatment revealed to be more efficient in reiteration shoots. This interaction effect was not significant at p < 0.05 level for the percentage of rooting (χ 2 = 0.44; p = 0.97) and for the length of the main root (F = 2.37; p = 0.31).
The period of cuttings collection and source of cuttings interact significantly at p < 0.05 level for the percentage of rooting (χ 2 = 23.70; p < 0.0001) and the number of Harfouche et. al.·Silvae Genetica (2007) roots/cutting (F = 14.44; p = 0.0002). Root suckers presented the highest percent rooting for spring cutting, while reiteration shoots were more responsive for autumn cutting. The same trend was observed for the number of roots/cutting, i.e. root suckers were superior and reiteration shoots inferior for spring cutting, and vice versa for the autumn cutting. Data were not available for the length of the main root. The period of cutting interacted significantly with IBA treatments at p < 0.05 level for the number of roots per cutting (F = 4.50; p = 0.002), but not for the percentage of rooting (χ 2 = 3.96; p = 0.41) and the length of main Table 2 . -Percentages and Khi-square tests, means and F-tests for main effects of rooting factors. N = number of cuttings/class; Individuals 1-20 are cutting donors (5 individuals per stand); F-tests for the number of roots/cutting was performed on data transformed to square root; * mm/day. In bold, are significant tests. Three factors interaction effects were not significant ( Table 3) .
Effect of stand and individual within stand
The effect of stand was significant at p < 0.05 level for percentage of rooting, the number of roots per cutting and the length of main root, as shown in Table 2 . Percentage of rooting varied from 78.0 % in one stand to 96.7 % in an other stand; maximum number of roots per cutting was 19.1 and minimum 8.0; main root length distributed from 27.8 mm to 63.4 mm ( Table 2) .
Globally (including the four stands), significant variation among individual/stand was recorded for the percentage of rooting, the number of roots/cutting and the length of main root ( Table 2) . Percentage of rooting variation between individuals, however, was greater in stand 1 and stand 4 than in stand 2 and stand 3, as attested by the p-values of khi-squares ( Table 2) . Variation among individuals for the number of roots/cutting was significant in all the stands, above all in stand 2 ( Table 2) . Also, the length of main root varied significantly among individuals in all the four stands, but it was particularly high in stand 2 where the p-value of F was lower than 10 -6 ( Table 2) .
Repeatabilities were just moderate at the global level, h 2 = 0.34, for the number of roots/cutting, h 2 = 0.35, for the length of the main root ( Table 4 ). In stands taken individually, broad sense heritability was low in stand 4 (h 2 = 0.11) and stand 3 (h 2 = 0.17) and moderate in stand 1 (h 2 = 0.24); it was higher in stand 2 (h 2 = 0.39), for the number of roots per cutting ( Table 4) . The trend was quasi-similar for the length of main root, heritabilities ranging from 0.13 to 0.34 ( Table 4) . The low or moderate heritabilities are due to the importance of the error component of variance because of a large variation between the cuttings of a same individual (Table 4) . This inflates the denominator in the heritability formula and lowers its value. Table 3 . -Percents and Khi-square tests, means and F-tests for main effects of rooting factors. * Statistical significance of three factors interaction effects was made by analysis of variance on scores data (1 for rooting and 0 for non-rooting cuttings). In bold, are significant tests. Df: degrees of freedom. 
Discussion
Effect of substrate
It emerged from this work that the type of substrate do not determine significantly differences in frequency of rooting, but exerted an important influence on the quality and vigour of roots of poplar softwood cuttings; gravel, clearly revealed to be superior to sand as regards to the number and length of roots emitted by cuttings.
Studies on the physical properties of the rooting media have not succeed to explain why certain substrates were better than others for rooting (LOACH, 1985; THOMPSON, 1992) . However, one could think that the gravelly substrate, characterised by its greater porosity, allows a better ventilation and drainage of the rooting medium than does the fine sandy substrate, and so favouring multiplication and growth of roots. Such a result is relatively frequent regarding softwood cutting of forest species. For instance, rooting of softwood cuttings in eucalyptus was more intense and of a better quality when the used substrates allowed good ventilation and drainage (CHAPERON and QUILLET, 1977; FAVREAU, 1980) . Cuttings of spruce stuck on sand developed fragile and not very ramified root systems (RAUTER, 1983) .
Effect of the source of cuttings
Our findings suggest that softwood cutting of white poplar would be most efficient if root suckers and/or sticklings are used as cuttings donors; however, cuttings from coppice shoots are not uninteresting. Results in softwood cutting of aspen and aspen hybrids varied with authors; KARLSSON and HOLM (2002) concluded that the easiest way to root aspen is to use root suckers, while YU et al., for their part, (2001) claimed that stem cuttings and cuttings from coppice of aspen and aspen hybrids are easy to root.
Root suckers are formations developing from roots, which are the major centre of juvenility of a tree (WRIGHT, 1976) ; hence their superiority as cuttings donors. Sticklings are complete plants developing from rooted cuttings and set for planting; they can be used advantageously as cuttings donors because they were highly rejuvenated. Such a plant material is useful to revive adult trees difficult to propagate by cutting (KLEINSCHMIT, 1977; MORGAN et al., 1980; CHAPERON et al., 1983; RAUTER, 1983 , DEKKER-ROBERTSON and KLEIN-SCHMIT, 1991 , MENZIES, 1992 .
Effect of the period of collection
Summer reveals to be the best period to achieve good results in white poplar softwood cutting, as it was found in our experiments. In this period, donor plants, probably, are in optimal physiological conditions for vegetative propagation. HALL et al. (1989) , for their part, found that the best time for rooting aspen cuttings (Populus tremula L.) is spring and early summer.
Ours findings are in accordance with most results reported in works in the area of softwood cuttings of forest tree species. In a general review on the woody plants cutting, FAVREAU (1980) claimed that rooting ability of cuttings was generally substantially highest in the period from May to July than in autumn and winter. The more propitious period for softwood cutting may vary with species, but it seems that an optimum exists at the height of summer for most hardwood species (THOMPSON, 1992) .
The low rooting ability of cuttings collected in early spring is, maybe, related to a persistence of dormancy effects and a scarcity of carbohydrates substances in stems and leaves. In autumn, dormancy effects begin to take place, with a hormonal balance in favour of inhibiting regulators; in addition, biochemical and histological processes such as lignification and sclerenchyme proliferation around the end of the growing season would act to reducing rooting ability of cuttings.
Effect of hormonal treatment
IBA treatments seemed to have little effect on the rooting response of white poplar softwood cuttings in the present work. Rooting percent and length of roots, more particularly, were not clearly enhanced by the hormonal treatments. The only positive effect of such treatments was an improvement of the number of roots emitted per cutting, suggesting that IBA treatments induce root primordia initiation, but act little on their development. In previous experiments, it has been found, however, that applications of auxin on the base of hardwood cuttings of white poplar were successful to a large extent (BESSAFA, 1991) .
Earlier findings showed that auxins would act on preexisting root primordia, accelerating their development, but would have no role in the initiation of such formations (HAISSIG, 1974) . However, this latter author later reported opposite results in softwood cuttings of Jack pine (Pinus banksiana) (HAISSIG, 1982) ; the same in the Mediterranean cypress (Cupressus sempervirnes) for which it was observed that the length of the roots was indifferent to hormone stimulator (CAPUANA and LAM-BARDI, 1994) . In poplars, softwood cuttings of hybrid aspen from micropropagated plants do not need hormonal application to root easily (HAAPALA, 2004) .
Results, apparently contradictory or incoherent, often has been reported in the area of hormone treatments in cuttings of forest tree species (RAUTER, 1983; THOMPSON, 1992) . It is likely that these regulators do not act independently of several other factors intervening on rooting ability of cuttings, some of them related to the physiological state of cuttings at the time of collection and some others to rooting media and/or genotypes (WILSON and VAN STADEN, 1990) . Such interactions between endogenous and exogenous factors make it difficult to postulate general rules in this complex area.
Interaction effects
Our analyses clearly showed the rooting substrate do not interact with other rooting factors such as the source of cuttings, the period of collection and IBA treatments in white poplar softwood cutting. One could think that the apparent independence between the substrate and the other factors would be due to the chemical inertia of the substrates, i. e. sand and gravel, used in the investigations. Harfouche et. al.·Silvae Genetica (2007) On the other hand, interactions between the source of cuttings, the period of collection and IBA treatments occurred, specially regarding the intensity of rooting (the number of roots/cutting). Hence, the behaviour of cuttings of a certain source would depend on the period of collection, certain period being more propitious than others for softwood cutting white poplar. The efficiency of different IBA treatments also depends on the period of collecting cuttings and their source; low concentrations IBA would work better with certain types of cuttings collected in certain period, while higher IBA concentrations would be more conclusive in other circumstances.
The occurrence of such interaction effects between factors could be closely related to the endogenous hormonal balance and the amount of carbohydrates in the cuttings and the donor plant, as it was suggested for many forest species (RAUTER, 1983; WILSON and VAN STADEN, 1990; THOMPSON, 1992; ZALESNY et al., 2003) .
Effect of stand and individual within stand
The findings clearly showed that a strong geographic variation in rooting response of softwood cuttings does exist in white poplar, as suggested by the significant differences observed among stands. Similar results were recorded in white poplar with dormant cuttings (BESSAFA, 1991) , and in eucalypts with softwood cuttings (FRANCLET, 1970; CHAPERON and QUILLET, 1977) .
Many studies reported a large clonal variation in the rooting ability of softwood cuttings in poplars (SCHIER, 1974; YING and BAGLEY, 1977; DREESEN and HARRING-TON, 1999; HAAPALA, 2004) . Also, in our study, individuals-within-stands ability to produce viable cuttings varied significantly, and revealed a major effect to be taken into account for propagating white poplar by softwood cutting. However, the low or moderate broad sense heritabilities found in this work suggest that microsite effects, at the individual scale, could significantly influence the response to cutting of an individual (clone). Hence; such a response would not to be taken for pure genotypic effects, but rather as combined effects of genotype and periphysis, i.e., the microsite differences within that individual (exposition, light/shadow, etc.) (ZOBEL and TALBERT, 1984; STANKOVA and PANETSOS, 1997) .
Overall, the results of these investigations suggest that selection of stands and, above all, of individuals within stands with good rooting ability, together with taking care with respect to factors such as the period of cuttings collection and the sources of cuttings, could achieve real progress in vegetative propagation of white poplar in Algeria. Moreover, some other factors such as light intensity, root temperature, leaf amount on cuttings, fungicides (KLASS et al., 1986) are likely to play a significant role in the response of clones and thus deserve to be investigated in the future.
